Many studies have demonstrated that zoning by local governments can have adverse effects on housing production and, consequently, on housing affordability. Most of these studies, however, use coarse measures of zoning regulations and thus provide little information about the nature and patterns of zoning itself. As a result, these studies offer little information that is useful in identifying when and where regulatory barriers exist.
Introduction
Evidence from a variety of sources makes a compelling case that low-and moderate-income households in the United States have a housing affordability problem. The root causes of this problem are complex and controversial and vary by region, but the regulations imposed by local governments are clearly involved. In 1991, in its report to the president, the U.S. Department of Housing and Urban Development's (HUD's) Advisory Commission on Regulatory Barriers to Affordable Housing found that various regulatory barriers can 1. Directly raise development costs by as much as 20 to 35 percent 2. Prevent the development of affordable housing in areas of high job growth, forcing lower-income households to live far from job opportunities 3. Restrict the full range of market-rate and affordable housing options, such as higher-density housing, multifamily rental housing, accessory units, and manufactured homes
Regulatory barriers come in many forms, including land use regulations (such as plan designations and zoning), environmental regulations, impact fees and exactions, and numerous forms of procedural requirements (Quigley and Rosenthal 2005) . The focus of this article, however, is zoning-specifically, zoning that imposes restrictions on the type and density of housing development. Although there is ample evidence that zoning can have adverse effects, its nature and pattern within and across metropolitan areas has yet to be carefully explored. As stated by Pendall, Puentes, and Martin, "[D] espite [its] fundamental importance, too little is known about the current landscape of housing regulation in the United States" (2006, 2) .
Researchers who demonstrate that zoning can have adverse effects on housing affordability typically offer one of two policy prescriptions: restrict the rights of local governments to zone or require state or regional governments to oversee local zoning practices. Successful implementation of either option will require a more detailed analysis of local zoning practices, especially within metropolitan areas. That is what we offer here.
Our analysis is motivated by the belief that local governments use zoning to exclude affordable housing and its occupants. "Exclusion" and "affordable," however, are value-laden terms and difficult to define. Thus, our focus is more limited: to document and examine in three case studies how zoning practices and patterns vary within and across metropolitan areas. Because high-density, multifamily housing is generally more affordable than low-density, single-family housing, it is likely that zoning barriers to high-density, multifamily housing also act as barriers to affordability. But because there are many unaffordable multifamily and high-density housing developments, our research does not systematically address the indirect question of how zoning might affect affordability.
We will proceed as follows. After examining previous research, we will describe our methods and define several indicators of housing development and regulatory stringency. We will then present aggregate indicator values for three case-study metropolitan areas and discuss their differences. Next we will present indicator values and illustrations for the jurisdictions within the three areas. We will conclude with a discussion on the use of indicators as a tool for assessing and addressing barriers to high-density, multifamily housing.
Previous research
The literature on the effects of zoning on land and housing markets is large and diverse. As described in a recent review by Ihlanfeldt (2004) , studies have used simple to complex methods to identify the correlates, consequences, and motivations of "exclusionary" zoning. According to Ihlanfeldt (2004) , the evidence that zoning reduces housing production and increases housing prices is strong, while the evidence that zoning causes racial segregation and job-housing imbalance is tenuous or mixed.
The methods used in these studies vary widely, as do the measures of exclusionary zoning. In general, the precision of zoning measures in these studies declines as the unit of analysis increases in geographic size. Studies that employ individual properties as the unit of analysis, for example, often have precise measures of allowed uses and densities (Fischel 1990; Lynch and Rasmussen 2004) . Studies that employ jurisdictions or subareas of jurisdictions often use indexes of zoning restrictiveness-typically based on weighted averages of land in various zoning classifications (Cho and Linneman 1993; Pollakowski and Wachter 1990) . Studies that employ metropolitan areas or large samples of jurisdictions often use the results of surveys as measures of zoning restrictiveness (Malpezzi 1996; Mayer and Somerville 2000; Pendall 2000) . In these studies, the results of survey responses are typically recorded as "counts" of regulatory tools used. All of these studies provide important insights into the causes and potential effects of zoning, but only limited information on the nature and patterns of zoning itself.
A few studies have taken a close look at zoning ordinances in multiple metropolitan areas. Talen and Knaap (2003) , who collected comprehensive plans and zoning regulations from 167 cities and 37 counties in Illinois, found that most zoning ordinances impose greater setbacks, lot sizes, and parking requirements than the model standards established by the American Planning Association. Knaap and Nedovic-Budic (2004) , who surveyed regional planning agencies and metropolitan planning organizations in the 50 largest metropolitan areas in the country, found that most collected detailed information on land use, transportation infrastructure, and travel behavior, but that very few maintained information on planning or zoning regulations for entire metropolitan areas. Pendall, Puentes, and Martin (2006) surveyed local jurisdictions in the 50 largest metropolitan areas in the United States and recorded the restrictions in zoning ordinances and comprehensive plans. These authors found distinct regional differences in the style of land use regulations-differences that produce a variety of effects on the housing opportunities of local residents.
Research strategy
To shed new light on zoning patterns and housing market performance, we took the following three steps. First, we selected three areas where we could obtain metropolitan-wide zoning data in geographic information system (GIS) format. We then computed indicators of housing prices and rents, housing production, and zoning constraints. Finally, we analyzed state, regional, and local regulatory environments.
In this article, we analyze the information without using inferential statistics and consider whether there is evidence that zoning presents a barrier to high-density, multifamily housing. We will examine each of the three steps in turn and will conclude by discussing the use of indicators as a tool for assessing and addressing regulatory barriers to affordable housing.
Selection of study areas
We first collected data on the 50 largest metropolitan areas in the nation, seeking study areas that were diverse with respect to rates of growth, regulatory environments, housing prices and rents, and location. We then contacted regional government officials to determine the availability of GIS data and the likelihood of local cooperation. This narrowed the pool of candidates dramatically. Metropolitan-wide zoning data in GIS format were available for only two areas: Portland (OR) and Boston. From other projects, we already had zoning data in GIS format for Miami-Dade County and for the Washington, DC, metropolitan area. Metropolitan data were available for Minneapolis-St. Paul and Sacramento (CA) on comprehensive plan designa-tions, but not on zoning. Thus we focused our study on these six metropolitan areas. Due to space limitations, however, we report the results for only three of them:
1 Boston, Miami-Dade County, and Portland. We make no claims that these are prototypical or representative of all metropolitan areas in the United States. We do claim, however, that they offer a range of regulatory environments-including environments based on traditional zoning (Boston), concurrency requirements and impact fees (Miami-Dade County), and comprehensive growth controls (Portland). We also claim that a careful quantitative and qualitative analysis of zoning and development patterns in these metropolitan areas offers insights not available previously.
Indicator analysis and data visualization
The primary objective of our research was to gain new insights into residential zoning and housing development patterns in selected metropolitan areas. We pursued this objective by using indicator analysis and data visualization.
Indicator analysis involved collecting data on populations and housing and analyzing how much land is zoned for various types of residential uses and what densities of development are permitted in each type. The results were then used to create a set of indicators that are comparable within and across study areas. Specifically, we focused on two general categories of indicators: housing market performance and zoning constraints.
Indicators of housing market performance. To obtain these indicators, we collected 1990 and 2000 census data on populations, households, single-family and multifamily housing units, median house prices, and median contract rents for jurisdictions in each study area (U.S. Bureau of the Census 1992 Census , 2002 . For each of these variables, we recorded levels and changes in levels from 1990 to 2000. Our choice of case study areas for this article is based on the following considerations. First, we chose to focus on zoning, not comprehensive plan designation. This eliminated Sacramento and Minneapolis-St. Paul. Second, we had space to report on only three areas. We eliminated Washington, DC, because counties are the dominant jurisdictions with land use authority there. And most of the counties are large and have extensive urban, suburban, and rural tiers. Because we use jurisdictions as our unit of analysis, most differences in subregional zoning patterns get lost in jurisdictional averages and aggregates. For more information on all six study areas, see .
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The more detailed report from which this article was derived ) includes several additional indicators derived from census data. The indicators reported here are limited to those that capture housing prices and rents, housing construction relative to population growth, and single-family/multifamily splits.
Indicators of zoning constraints.
To derive these indicators, we computed, for each jurisdiction with land use authority in each study area, the number of acres zoned for single-family, multifamily, commercial, industrial, public use/open space, and mixed use. Then, using only acres zoned for residential or mixed use, we computed the maximum number of units allowed by zoning for each jurisdiction (acres zoned for residential use times number of units per acre); the aggregate residential density (the total units allowed divided by the acres zoned for residential use); and the number of acres zoned for very low density (no more than one unit per acre), low-density (more than one but less than eight units per acre), and high-density (eight or more units per acre) use.
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All of these indicators are subject to a variety of measurement errors. Census data on populations and housing, for example, are often imprecise for small jurisdictions-especially data series based on samples. GIS data are subject to spatial imprecision, and zoning constraints are typically generalized into ranges (e.g., three to five units per acre). For this reason, we describe these measures as indicators. That is, while the measures we report provide a sound basis for comparison, they are imprecise. As a result, the most reliable indicators are constructed as ratios-such as the share of multifamily housing units, the percentage of land zoned for high-density development, and the ratio of price to income. Such ratios not only serve to normalize the measure by a common denominator, but also help offset measurement errors in both the numerator and denominator. Finally, while census data are collected for each of the three study areas in a relatively uniform manner, the precision and definitions of GIS data vary widely by study area. For this reason, comparisons of zoning constraints within study areas are more reliable than comparisons across areas.
In addition to the indicator analysis, census and GIS data were used for data visualization, which is a technique used to represent data and relationships among variables. Such a representation often reveals relationships or provides insights that tabular or Cartesian graphic representations cannot. Urban development and land use regulatory data are particularly well suited to this kind of representation.
Regulatory analyses
Our analysis involved a detailed review of state, regional, and local land use regulations and began with statutory summaries completed as part of the American Planning Association's Growing SmartSM project. These summaries, which were current as of 1996, were reviewed for recent changes in legislation and updated in certain cases. In addition, we visited the Web sites of state and regional planning agencies to collect additional data in some cases. Next, for five jurisdictions in each study area, we reviewed local comprehensive plans and functional plans, with a particular focus on housing and land use elements, to determine which types of density ranges were incorporated and which kinds of projections and written and mapped policies related to multifamily housing. The five jurisdictions in each study area were chosen based on our assessment, using indicator values, of which might have zoning ordinances unfriendly toward multifamily, high-density development.
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For these five jurisdictions, we conducted a complete review of all provisions in local zoning ordinances that related to multifamily development, including documentation of density ranges, and use districts in which multifamily development was permitted, either by right or by conditional or special permit. 5 In addition, we noted where local zoning codes contained special provisions relating to affordable housing, such as density bonuses. In particular, we tried to identify situations where a local zoning ordinance did not allow multifamily residences by right, did not allow them at all, or contained unclear development standards (such as the lack of a specific minimum area per dwelling unit standard) or procedures that would make the development of such housing difficult or unlikely. We used this information to help describe the regulatory context and to ensure that the indicator values offer an accurate characterization of regulatory constraints.
On the basis of our review of indicator values and state and local zoning policies, we will address the following specific questions:
1. How much land and how many units are zoned for high-density or multifamily housing in particular jurisdictions?
2. How do zoning and development patterns vary within and across metropolitan areas? 4 We use the term "multifamily, high-density" because we are interested in constraints on both. Some zoning regulations constrain density, some restrict housing types, and some do both. Census data include information on housing type but not, except by computation, on density.
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Discretionary and conditional permits are granted not by right, but only when certain conditions are met or at the discretion of the permitting authority.
3. Does it appear as if zoning presents a barrier to high-density, multifamily housing?
4. How can such information be used to assess and perhaps mitigate regulatory barriers to affordable housing? Table 1 presents five sets of indicators for each study area. The indicators present information on aggregates, or averages, of jurisdictions in each area, not information for the entire census-defined metropolitan area. Specifically, the Boston data exclude jurisdictions with a population of less than 25,000, and the Portland and Miami-Dade County data exclude areas in unincorporated counties. The jurisdictions represent 50 percent, 63 percent, and 75 percent of the total metropolitan population in Boston, MiamiDade County, and Portland, respectively, in 2000.
Metropolitan-level results
The first set of indicators measures levels and changes in housing prices, rents, and household incomes. All measures are unadjusted for inflation but are readily comparable across study areas. Because of mobility constraints, regional housing affordability is best captured by ratios of housing prices and rents to incomes. Local housing affordability is best captured by levels of housing prices and rents. To identify jurisdictions with potential barriers to affordable housing, we are particularly interested in jurisdictions where prices and rents are high or rising, relative to the rest of the study area. The second set of indicators provides information on existing housing stocks in 2000, housing production from 1990 to 2000, and relative shares of single and multifamily units. Because the size and definitions of each of the study areas vary, the most useful indicators are ratios that reveal, for example, the growth of the housing stock relative to growth in population, the multifamily share of existing housing units, and growth in multifamily housing units relative to growth in total housing units. To identify jurisdictions with potential barriers to high-density, multifamily housing, we are particularly interested in jurisdictions where the rate of housing development is high, but the existing growth in the proportion of multifamily housing is low. These are jurisdictions that are not built out and are seeing strong demand, but where multifamily housing is not being produced.
The third set of indicators characterizes existing zoning regulations. Again, because the size of the jurisdictions varies considerably, the most revealing indicators are expressed as ratios. Total zoned housing units (number of acres zoned for residential use times units per acre allowed) divided by existing units, for example, captures regulatory capacity for growth: In relative terms, is there room to grow? The ratio of the acres zoned for highdensity residential use divided by the total acres zoned for residential use captures the share of residential land zoned for high-density use. These indicators offer quantitative measures of the relative extent to which barriers to multifamily, high-density development could be the result of low proportions of land zoned for such use. Regulatory capacity for high-density housing is captured by the ratio of housing units zoned for high-density development relative to total housing units allowed by zoning. These indicators offer quantitative measures of the extent to which barriers to multifamily, highdensity housing could be the result of low proportions of units zoned for such use. Finally, aggregate zoned density is measured by total zoned housing units divided by total residential acres. These indicators offer quantitative measures of the extent to which high-density, multifamily development could be the result of constraints on density. The dates of the zoning data vary by study area and to some extent by jurisdiction. In all cases, the data are the most current available, which may reflect conditions in 1990 or 2000 only to a limited extent. See appendix A.
A quick review of some of the metropolitan-level indicators offers several insights into housing markets and regulatory environments. Of the three study areas, Boston had the highest housing prices and rents in 2000. This is likely in part the result of low housing production from 1990 to 2000. For every household added over this period, the area added only 0.63 housing units. And while the share of multifamily housing units here remains high, the share of multifamily units built during the 1990s was half the level in 2000.
As suggested by Glaeser, Schuetz, and Ward (2006) , zoning could well be the cause of low rates of housing production in general and multifamily housing in particular. The Boston study area is zoned for only 1.5 times the number of housing units in 2000. And while the share of acres zoned for high-density use is high, the overall zoned density of residential land is low.
Housing prices and rents are also fairly high in the Miami-Dade County study area and indeed are the highest of the three relative to incomes. Housing production during the 1990s, however, was robust. The study area added 1.23 housing units for every household added from 1990 to 2000, and the share of multifamily housing units built over the same period remained at nearly 50 percent. At the metropolitan level, there is little evidence that zoning represents a barrier to housing development. The number of housing units allowed by zoning is about double the number in 2000. The share of acres and housing units zoned for high density is large, and the overall density of land zoned for residential use is high. One likely reason for the high prices and rents in this study area, despite robust rates of housing production, is the strong demand for vacation homes and condominiums and the relatively low resident median income.
Compared with Boston and Miami-Dade County, housing prices and rents in the Portland study area were relatively low in 2000 even in proportion to median incomes. Between 1990 and 2000, however, housing prices and rents rose more in Portland than in the other two study areas. Portland added 1.08 housing units for every additional household from 1990 to 2000, and the share of multifamily units increased to 0.42. Despite its reputation for regulatory stringency, the Portland study area has the zoned capacity to double its housing stock, nearly half of its units are zoned for multifamily, and the overall density of land zoned for residential use is nearly as high as in Miami-Dade County. One likely reason for the relatively rapid increase in housing prices and rents, despite robust housing production and accommodating zoning, is the relatively rapid rate at which prices and rents in Portland caught up with other western cities after the economic recession of the 1980s (Downs 2002) .
Of course, it is difficult to draw firm conclusions based on aggregate data from just three metropolitan areas. As will be shown, regulatory constraints, housing production rates, and prices and rents vary greatly within each of these metropolitan areas. Additional insights can be obtained by a closer examination of submetropolitan differences.
Submetropolitan results: Boston
The Boston study area includes parts of five counties: Essex, Middlesex, Norfolk, Suffolk, and Worcester. Because of the large number of jurisdictions, only those with more than 25,000 residents in 2000 are included in the analysis. Using this criterion keeps the analysis focused on jurisdictions of significant size but eliminates small and perhaps rapidly growing jurisdictions where barriers to multifamily housing could well exist.
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Regulatory context
Cities and towns in Massachusetts have primary authority for planning and regulatory control of land use and development; there is no single state planning agency. Cities and towns with populations over 10,000 must establish planning boards, which are empowered to undertake studies and prepare plans managing resources, possibilities, and needs. These boards are required to prepare a master plan that may serve as a basis for decisions on the longterm physical development of the municipality.
Most cities or towns are members of regional planning commissions, which develop comprehensive plans for their regions and assist the local planning boards of cities and towns. The regional planning commission for Boston is the Metropolitan Area Planning Council, which is responsible for preparing a regional plan for the 101 cities and towns under its jurisdiction. MetroPlan, as it is called, was revised in 2005. Housing is included as one of the elements, and the stated goal is to provide a variety of housing opportunities. The state has adopted an affordable housing appeals act (Chapter 40B), which is described in more detail later. A new law, Chapter 40R, the Smart Growth and Housing Production Act, creates incentives to produce affordable housing. To participate in the voluntary plan, municipalities agree to create special "smart-growth" zoning districts close to transportation nodes, town centers, or vacant retail and commercial sites where housing could be built on less costly lots. The law requires that at least 20 percent of units in residential projects with more than 12 units be affordable and provides mechanisms to ensure that at least 20 percent of the total residential units built in the districts are affordable. Participating jurisdictions are eligible for some incentives to build affordable housing. This law was passed after the study period, however.
Indicator analysis
Indicators for the Boston study area were derived from data from the U.S. Bureau of the Census (1992 Census ( , 2002 and from Massachusetts Office of Geographic and Environmental Information (MassGIS) (2004) . Because jurisdictions in the Boston area were limited to those with more than 25,000 residents, census data provide fairly accurate information for every jurisdiction (problems of sample size are relatively minor). The zoning data obtained from MassGIS are of reasonably high quality, but the generalization of local ordinances is coarse and masks some important distinctions in density. Also, the zoning data do not include a mixed-use category.
Housing prices and rents. As shown in table 2, housing prices in 2000 were high throughout the Boston metropolitan area. Median housing prices ranged from $145,000 to nearly $600,000. Only two jurisdictions had median housing prices below $150,000. Rents are also consistently high, though percentage differences in rents between Boston and the other study areas are much lower than the percentage differences in prices. Differences in rents within the metropolitan area are also not nearly as large. 9 As shown in figure 1, the highest housing prices and rents in the region were in the suburbs just west of Boston near Harvard University and the Massachusetts Institute of Technology. With the exception of Newton, prices and rents rose most rapidly in the same jurisdictions.
Housing production and mix. All jurisdictions gained households between 1990 and 2000, and only two lost housing units. But in many jurisdictions, the growth in units was far less than the increase in households. Most jurisdictions also gained multifamily units, but the share of such units in most jurisdictions declined from 1990 to 2000; 11 jurisdictions lost multifamily housing units over this period. The share of multifamily development was less than 25 percent from 1990 to 2000 in several cities, including several of the highest-price communities and several of the lower-priced ones.
Zoned density and mix. Much of the residential land in the Boston metropolitan area is zoned for single-family use but at moderately high densities. Sizable proportions of land in many jurisdictions fall into MassGIS category R5, which designates single-family use up to 8.7 units per acre. Because our generalization rules placed land zoned for more than 8 units per acre into the high-density category, much of the land zoned for single-family use in the Boston area is classified as high density.
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The relatively smaller variation in rents relative to prices suggests that zoning may have a greater impact on the asset values of houses than on explicit or implicit rents. As a result, many jurisdictions have large proportions of land zoned for high-density use; for some, it is as much as 100 percent. Even with this generous definition, however, several jurisdictions have little or no land zoned for high-density use. Most of the jurisdictions with little or no land (or units) zoned for high-density use are not among those with the highest prices and rents.
Zoning and Development Indicators for the Boston Study Area
Zoned densities in the Boston study area vary considerably. A few are zoned for nearly 20 units per acre, but most are zoned for less than 10 and many for less than 5. The spatial distribution of zoned densities is illustrated in figure 2 . As shown, the west-central cities of Cambridge, Chelsea, and Somerville are jurisdictions with the highest overall zoned densities. Jurisdictions zoned for very low densities are located throughout the metropolitan area, including most of the other suburbs.
Contrasting figure 1 with figure 2 reveals that many of the highest-priced communities have the lowest zoned densities. These include the high-priced communities of Brookline, Lexington, Newton, and Needham. The outer suburbs of Beverly, Danvers, and Franklin also have relatively high prices and low zoned densities. This combination does not provide prima facie evidence that zoning represents a barrier to multifamily, high-density development in these communities, but does suggest that this might be a good place to look for barriers.
Summary assessment
The Boston metropolitan area has one of the most severe housing affordability problems in the nation for at least two reasons: Housing production has failed to keep up with population growth, and the share of multifamily housing has fallen dramatically. There may be many reasons for the lack of housing production, but zoning is likely one of them. Zoned densities vary widely in the study area, from 1.3 units to 24.3 units per acre in the least and most densely zoned jurisdictions. Boston itself is dense, has high housing prices, and has a consistently high share of multifamily housing. Cambridge follows a similar pattern. Many communities, though, have little or no land zoned for high-density or multifamily housing, and many of them tend to have the highest housing prices.
A review of local regulations revealed that some of the communities with low densities and high prices appear to have land use policies in place that impede the development of multifamily housing. If such housing is allowed at all, it is only through a discretionary permitting procedure, such as a conditional use permit, and not by right through advance designation of land zoned for multifamily uses. The response of the Commonwealth of Massachusetts to local zoning practices has been to establish a state-level housing appeals board with the authority to overturn local decisions that reject affordable housing projects or impose conditions that make them economically infeasible. While this law (Chapter 40B) has had some success in getting otherwise recalcitrant local governments to approve affordable projects, it does not address the larger issue of increasing the supply of all housing, and in particular multifamily housing, whether it is for low-and moderate-income households or not. Until housing policies address the issue at this level, the Boston area will continue to have some of the most expensive housing in the nation (Meck, Retzlaff, and Schwab 2003) .
Zoned Residential Densities in Boston
Submetropolitan results: Miami-Dade County
This study area includes every city in the county with land use authority but excludes unincorporated Dade County. Jurisdictions vary significantly in size, and many are quite small. Several of the southernmost jurisdictions, especially Homestead, were significantly affected by Hurricane Andrew in August 1992.
Regulatory context
Florida's integrated planning and growth management system includes plans and regulations at three levels of government. The State Comprehensive Plan provides policy direction for all government levels. State agencies must adopt plans to implement pertinent portions of the State Comprehensive Plan. At the regional level, each regional planning council must adopt a plan that is consistent with the State Comprehensive Plan, but shaped by regional circumstances and conditions. At the local level, each county and municipality must adopt a local comprehensive plan that is consistent with state and regional plans. The local plan must contain a housing and land use element. The state government reviews local plans for compliance with statutory criteria and administrative rules.
Each of the comprehensive planning districts in the state has a regional planning council, which is responsible for preparing a strategic regional policy plan that addresses five subject areas: affordable housing, economic development, emergency preparedness, natural resources of regional significance, and regional transportation. Regional plans must be consistent with the state plan. Once adopted, the strategic regional policy plan is to provide the basis for regional review of developments that have regional impact, regional review of federally assisted projects, and other regional comment functions.
Indicator analysis
Because many jurisdictions in the study area are small, census data are subject to considerable measurement error, especially for data series based on samples. Also, the jurisdiction-level indicator values vary widely, because they capture small differences in population and housing patterns that are not averaged over large geographic regions. The zoning data were obtained from Miami-Dade County but generalized by us.
Housing prices and rents. As shown in table 3, housing prices and rents were relatively high in the Miami-Dade County study area in 2000, but prices and price increases varied dramatically. Median prices in 2000 ranged from less than $70,000 to over $1,000,000; increases from 1990 to 2000 ranged from less than $20,000 to half a million. Rents and increases in rents also varied dramatically. In Key Biscayne, median rents increased by more than $600 from 1990 to 2000, while rents in Doral fell by more than $100. Figure 3 illustrates the pattern of housing prices in the study area. With the exception of the city of Miami, the highest housing prices are found along the ocean, with very high prices in several small shoreline communities. Prices are also high in suburban Coral Gables and Pinecrest.
Housing production and mix. Several jurisdictions in the study area lost households between 1990 and 2000. Some lost a significant amount of multifamily housing stock. The change in total housing units over the change in households, although significantly greater than 1 for the entire study area, varied widely across jurisdictions.
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The share of multifamily housing units in 2000 ranged from zero to 94 percent. For many communities, multifamily units made up a significant share of the housing units added from 1990 to 2000. In several jurisdictions, every net housing unit added from 1990 to 2000 was multifamily. Other communities gained multifamily units, but the multifamily share of total new housing units fell at the same time.
Zoned density and mix. Many jurisdictions have large shares of residential land zoned for high-density use. Throughout the study area, 61 percent of residential acres are zoned for such use. Many communities, however, have less than 15 percent of residential acres zoned for high-density use; Miami Shores and Pinecrest have almost none.
Total zoned residential density varies from 2.1 units per acre in Pinecrest to 49.6 units per acre in Sunny Isles Beach. Several are zoned for more than 20 units per acre, and two are zoned for less than 5. Most jurisdictions, however, are zoned for more than 9 units per acre.
This variation may in part reflect sampling error in small jurisdictions. These values were formed by ratios in which the denominator was negative.
c These values were formed by ratios in which the both the numerator and the denominator were negative. Figure 4 illustrates zoning patterns in the Miami-Dade County study area. Overall zoned densities tend to fall with distance from the ocean, but with notable exceptions. Several shoreline communities have low overall zoned densities. And as shown in figures 3 and 4, many of these low-density communities have some of the highest housing prices and rents. Zoned densities in suburban Coral Gables and Pinecrest are also low, given the high prices in these communities.
Summary assessment
Though Miami-Dade County has high housing prices, housing production is strong relative to household growth, and the share of multifamily housing remains fairly high. Zoning in the area appears to be less of a barrier to high-density, multifamily housing than it is in Boston. For the entire study area, the high-density share of zoned housing units, the share of land zoned for high-density use, and aggregate zoned density are the highest of the three study areas. But zoning patterns and housing prices vary widely. Jurisdictions along the coast have some of the highest prices in the region, but not the highest zoned densities. Further, Coral Gables and Pinecrest, located on the southern edge of the city of Miami, have very high housing prices and very low zoned densities. An examination of the zoning ordinances in these communities suggests that this is not unintentional. None has significant amounts of land zoned for multifamily use by right. In the past, the demand for higher-density housing in this part of the metropolitan area may have been weak; now, however, it seems quite likely that zoning limits the construction of high-density housing.
Zoning in Miami-Dade County often changes when land is developed and annexed to a city. In the past, this reduced the influence of zoning at the urban-rural fringe. As Dade County has tightened its regulatory controls and maintained its longstanding urban development boundary, zoning has grown in significance, especially in constraining the overall supply of developable land (Morgan 2006) . Still, from a metropolitan perspective, overall densities are high, and, with exceptions, densities are high where prices are high. The region thus offers evidence that zoning often follows the market and that a high share of multifamily housing is no guarantee of affordability. 
Submetropolitan results: Portland
The Portland study area includes every municipality in Washington, Multnomah, and Clackamas Counties within Portland's urban growth boundary (UGB) but excludes the unincorporated portions of the counties. Jurisdictions vary greatly in size and include a few that are exceedingly small.
Regulatory context
Oregon's planning program has been in place for more than 30 years. Development is regulated at the state level and is coordinated by the Department of Land Conservation and Development (DLCD), a state agency. DLCD prepares the goals and guidelines for local governments to follow as they undertake planning. These goals cover a variety of topics, including citizen participation, urbanization, forestry, housing, recreation, and agriculture.
Each county and city in Oregon must develop, adopt, and amend a comprehensive plan that complies with state land use goals. The UGB, intended to identify and separate urbanizable land from rural land and to ensure compact development, is a critical component of the land use planning system. DLCD's urbanization goal requires all Oregon cities to define, adopt, and plan urban development within UGBs (Oregon Administrative Rules [OAR] 660-015-0000[14]).
Metro, a regional planning agency with a directly elected council, oversees regional land use issues in the Portland area. Key to the purposes of this study is the Metropolitan Housing Rule for the Portland Region (OAR 660-007), which requires cities and counties within the UGB to meet regional standards for density and housing mix. Jurisdictions other than small developed cities must either designate sufficient buildable land to facilitate at least a 50 percent multifamily share of new residential units or justify an alternative percentage based on changing circumstances (OAR 660-007-0030 through 660-007-0037; OAR 660-007-0045). The Metropolitan Housing Rule also requires cities to develop to overall target densities of 6, 8, or 10 units per acre depending on the size of the jurisdiction.
Indicator analysis
Because jurisdictions in the Portland study area vary widely in size, small sample measurement error is possible in the census data for very small jurisdictions. The GIS data obtained from Portland Metro are perhaps the best available on zoning, planned designation, and existing development patterns for any metropolitan area in the country. Although generalized into regional categories, Metro's zoning data are highly detailed and precise.
Housing prices and rents. As shown in table 4, area housing prices in 2000 were the lowest of the three study areas but increased the most from 1990 to 2000. Excluding Johnson City (ostensibly a mobile home park), median prices ranged from just under $130,000 to just over $300,000. Rents in 2000 ranged from about $500 to $1,000 per month. Figure 5 highlights the spatial pattern of housing prices. As shown, most jurisdictions with high housing prices are located in the southeastern suburbs of the metropolitan area.
Housing production and mix. Almost all jurisdictions in the study area gained housing units between 1990 and 2000; most added more units than households. A few, however, lost multifamily housing stock over the period. Further, most communities gained multifamily units, and for most, the multifamily share was more than 25 percent.
Zoned density and mix. As was true in other study areas, most of the land is zoned for single-family residential use. Several jurisdictions have less than 10 percent of residential land and less than 5 percent of units zoned for high-density use. Because zoned densities in high-density zones are relatively high, however, every other jurisdiction has nearly 30 percent or more of all units zoned for high-density use. The average for the study area is 48 percent.
Total zoned residential density varies from 2.5 units per acre in Happy Valley to 19.9 units per acre in Johnson City. Besides Happy Valley, however, only Durham and Rivergrove are zoned for less than 5 units per acre. The average for the Portland study area is just over 10 units per acre-the highest of the three study areas. Figure 6 depicts the spatial pattern of zoning in Portland. As shown, overall zoned densities are relatively and almost uniformly high. Jurisdictions with the lowest zoned densities are in the southeast quadrant of the metropolitan area. Happy Valley stands out in this regard. Comparing figures 5 and 6 offers additional insights. Housing prices are highest in the southeast quadrant. Lake Oswego and West Linn have high prices and low zoned densities, although both have areas zoned for high-density use. Happy Valley has the highest prices, the lowest overall zoned density, and no land zoned for high-density use.
Summary assessment
The Portland study area grew rapidly from 1990 to 2000; with that growth has come relatively rapid increases in housing prices and rents, as well as increased density in many of the jurisdictions (Downs 2002) . Planning and Total Zone Housing Units/ Total Residential Acres zoning are closely monitored at the state and regional levels. All local governments must enact and enforce zoning codes that comply with both regional and state requirements These include density and housing mix targets that encourage the development of multifamily housing. Metro requires that zoning in urbanized areas facilitate a 50 percent multifamily share.
As is true in the other study areas, there is variation among jurisdictions in the amount of land zoned for high-density use. On the whole, however, most jurisdictions have zoning codes that accommodate high-density development, and multifamily housing shares in recent years appear to be high as a result.
Housing prices also vary by jurisdiction, but with some exceptions, the jurisdictions with the highest median home values also have some of the lowest percentages of multifamily units. Happy Valley, Lake Oswego, and Durham fall into this category, with home prices well above the median for the study area, very few multifamily units, and a relatively low percentage of land zoned for multifamily development.
In summary, Oregon's state policy framework makes it more difficult for jurisdictions to use zoning to limit multifamily development and zoning in Portland. Local jurisdictions must plan to meet minimum density requirements, and local zoning must be consistent with local plans. Despite, or perhaps because of, the UGB, zoning does more to encourage the development of multifamily housing in Portland than in any of the other three study areas.
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Evidence on key research questions
Our objectives for this study were to characterize the regulatory environment in three metropolitan areas; to characterize visually and quantitatively the pattern of residential zoning in each area; to consider whether zoning represents a barrier to high-density, multifamily housing; and to assess whether detailed zoning data at the jurisdictional level can be used to assess and perhaps mitigate barriers to affordable housing. We believe we have succeeded in meeting each of these objectives with varying degrees of success.
A careful, detailed review of state and regional statutes and ordinances in each of the four study areas and of comprehensive plans and zoning regulations in selected jurisdictions in each study area leads us to conclusions 11 While the Metropolitan Housing Rule and other affirmative housing policies have succeeded in removing regulatory barriers to high-density and multifamily development in Portland, the system remains imperfect. Some communities, like Happy Valley, meet the minimum conditions of the rule, but in other ways still make high-density housing development difficult. similar to those reached by Pendall (2000) . Regulatory environments vary dramatically in different regions of the nation. But while surveys of regulatory environments, such as Pendall's (2000) , provide general impressions of regulatory tools, it is impossible to obtain a thorough understanding of local regulatory environments without extensive analysis of state and local regulations and codes.
In Boston, local jurisdictions are small and exercise land use authority with little state or regional oversight. A recently enacted state law, Chapter 40R, provides some incentive for local governments to allow affordable housing, but the incentive appears to be too small to overcome strong fiscal pressures to exclude it. As a result, many jurisdictions have no land zoned for multifamily or high-density housing, and local zoning regulations are explicitly unaccommodating (Glaeser, Schuetz, and Ward 2006; Krefetz 2001) . In Boston, therefore, there appears to be ample evidence that zoning represents a barrier to multifamily housing development in much of the metropolitan area.
In Miami-Dade County, jurisdictions vary in size and experience different rates of growth. Planning occurs in a hierarchical system, but local governments retain a great deal of discretion. Because the strong demand for second homes and condominiums has favorable fiscal impacts, the comprehensive plans and zoning regulations of most jurisdictions are friendly toward high-density, multifamily development. Although multifamily development may be strong, its strength has not ensured affordability. In this study area, zoning appears to be a barrier to multifamily development in only a few select jurisdictions. The results thus make it clear that if the concern is affordability-especially in high-cost, high-amenity locations-simply promoting high-density development will not get to the root of the problem.
In Portland, local planning and zoning are closely monitored by state and regional governments, and zoning must meet minimum density targets and explicit multifamily shares. The result is a higher level of zoned densities at the metropolitan level, an even distribution of multifamily zoning, and high rates of multifamily development. Recalcitrant local governments remain, but there is clear evidence that progress has been made in mitigating regulatory barriers to multifamily, high-density development (Knaap 1990 ).
Conclusions
Quantitative and qualitative analyses of the three study areas offer clear and compelling evidence that zoning can serve as a barrier to high-density, multifamily housing. Zoning presents a significant barrier in much of the Boston metropolitan area. And visual display of zoning patterns in all three study areas reveals distinct corridors of jurisdictions that have high and rising housing prices and rents, low shares and rates of growth of multifamily housing, and little or no land zoned for multifamily use. Although the evidence is circumstantial, it is quite compelling. By means of a variety of indicators, digital maps, and local codes and regulations, it is indeed possible to identify barriers to affordable housing. That said, it is also clear that zoning does not always represent a barrier to multifamily housing or that high-density housing is always affordable. In every study area, there are jurisdictions with low densities and low housing prices and jurisdictions with high densities and high housing prices.
How to identify barriers to high-density, multifamily housing and how to remove them, discourage them, or mitigate their impact is the central policy question. There are, of course, a number of options. One is to provide incentives-or to remove disincentives-to zone for higher densities and multifamily housing. This is the essence of Chapter 40R, and it remains to be seen whether this approach can work. A second involves greater regional oversight and the stipulation of density minimums. This is the essence of the Portland approach, and it appears to be having some degree of success. A third approach is to allow developers to "bypass local land-use regulations whenever a locality failed to meet a set of targets based on price, density or new permits" (Glaeser, Schuetz, and Ward 2006) . Although this has yet to be tried, our analysis suggests that it is indeed feasible.
Even without extensive review of local zoning ordinances, our analysis indicates that valuable insights can be obtained from a close examination of indicators computed using census and metropolitan GIS zoning data. A detailed analysis of development capacity or the identification of zoning constraints on particular parcels is difficult and beyond the scope of our work. But tabular and visual display of housing stocks, production, prices and rents, and even coarse measures of zoned acres, units, and densities, provides valuable insights that statistical analyses alone cannot reveal. The data can also identify jurisdictions that stand out in terms of housing prices, production of multifamily housing, and zoned densities. A visual display of these data is particularly effective for such identification.
However, our analysis also suggests that the relationship among zoning, housing production, density, and affordability is much more complex than most econometric studies would suggest. Housing market fundamentals and regulatory environments vary widely by metropolitan area. Even if it were possible to offer national zoning standards, those appropriate for Boston could well be highly inappropriate for Portland, Miami-Dade County, or any other metropolitan area. Any successful anti-exclusionary zoning standards must certainly be regionally specific and based on sound, in-depth, and continuous analysis of local land use regulations and housing performance measures.
HUD is considering whether to launch a database derived from a periodic national survey of local land use regulations. Such a database could be used to provide further statistical evidence that land use regulations, and zoning in particular, can have adverse effects. But it is doubtful that such a survey can provide information directly useful for influencing local land use policy.
Addressing exclusionary zoning will at some point require specific information on the zoning practices of particular jurisdictions. Although federally supported metropolitan planning organizations (MPOs) now exist in nearly every metropolitan area in the country, very few currently maintain information on zoning or land use regulations-even though it would facilitate their core function of transportation planning (Knaap and Nedovic-Budic 2004) . Supporting MPOs to collect and report information on land use regulations is an unobtrusive first step in understanding and perhaps addressing the problem without establishing the oversight role of Portland's Metro or the Metropolitan Council of Minneapolis-St. Paul. To the extent that we are truly interested in addressing regulatory barriers to affordable housing, we should support MPOs in enabling policy makers to first recognize regulatory barriers where they exist.
Appendix A Zoning computation and caveats
Computation. The data sources for the GIS analysis are listed in table A.1. The following steps were taken to generate indicators of zoning constraints:
1. From GIS metadata and local zoning ordinances, zoning codes were classified as single-family, multifamily, mixed use, commercial, industrial, and public use/open space. Categorization was necessary to allow for comparison across study areas.
2. From GIS metadata and local zoning ordinances, the maximum allowed residential density was calculated. The highest allowed density was used; for example, if zoning allowed 1.0 to 5.0 dwelling units per acre, 5.0 was assumed to be the maximum residential density.
3. Total residential acreage was calculated for each jurisdiction by adding all residentially zoned areas, except for agricultural residential areas. Mixed use is included.
4. The total number of housing units that would be allowed based on the zoning was calculated to show the ceiling or maximum number of units a particular zone could accommodate.
5. Residential zones were classified by allowed maximum density. The categories comprised (1) very low density (no more than one unit per acre), (2) low density (more than one but less than eight units per acre), (3) high density (eight or more units per acre), (4) mixed use, and (5) agricultural use. This process allowed for a standard comparison across jurisdictions. Density classes were computed without regard to designated use. That is, most multifamily designations allowed densities that fell into the high-density category; some single-family uses, however, also fell into the high-density category.
Caveats. Because the GIS data were collected from a variety of sources, the quality and character vary widely across-and in most cases within-the study areas. Thus, we had to develop standard definitions and classifications to facilitate intra-and interregional comparisons for each study area. Some of the larger data-related issues include the following: 1. For Portland, we were able to obtain parcel polygon data; parcel polygons were not available in Miami-Dade County and Boston.
2. For Portland, we were able to obtain a vacant land layer; for all of the other jurisdictions, a reliable vacant land layer was not available. 4. In Miami-Dade County and Portland, the number of jurisdictions with land use authority was relatively small, so every jurisdiction that had it was included in the analysis. In Boston, the number of jurisdictions with land use authority was large, and only those whose population was over 25,000 were included. This had the unfortunate but unavoidable effect of creating spatial discontinuities within these study areas.
5. In every jurisdiction, the data captured the most recent-often the current-zoning regulations. The census data on housing stocks, prices, and incomes come from the 1990 and 2000 decennial censuses (U.S. Bureau of the Census 1992 Census , 2002 . Thus, any analysis of the effect of zoning regulations on housing prices, rents, and rates of production requires the strong assumption that existing regulations offer a reasonable depiction of the previous decade and a half.
6. The size of jurisdictions in the respective study areas varied widely. In large jurisdictions with areas designated for both low-and high-density uses, the jurisdiction appeared to have a moderate overall density. However, in small jurisdictions that contained largely low-or high-density uses, overall zoned densities varied more, even if the underlying development pattern was the same.
7. In small jurisdictions, measurement errors can be more pronounced. A sliver in a zoning polygon, for example, can lead to large measurement errors of zoned density in smaller jurisdictions. Large measurement errors in census data on populations, households, and housing units are also common for smaller jurisdictions.
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